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Background: Laparoscopic sleeve gastrectomy (LSG) has become a predominant bariatric 
procedure at present. However, data are scarce regarding the nutritional impact of this 
procedure on Chinese patients. This study aimed to evaluate the prevalence of nutritional 
deficiency after LSG in Chinese patients.
Methods: Eighty-two patients with obesity were recruited from the Second Xiangya 
Hospital of Central South University, and all patients underwent LSG and completed the 
visit.
Results: Compared with the baseline, the serum albumin levels increased significantly at 
1–12 months (P<0.001) after surgery, and the hypoalbuminemia rate decreased from 8.5% to 
0% throughout the study (P=0.063). Anaemia was present in 7.3% of all patients before 
surgery, and its prevalence increased to 11.0% at 12 months post-operation (P=0.109). The 
anaemia rate of fertile females was higher than that of males (21.4% vs 2.3%, P=0.036). No 
significant changes were found in vitamin B12 deficiency throughout the study (0% vs 3.8%, 
P=1.0). The increases in the folate deficiency were only discovered in the female group 
(3.7% vs 20%, P=0.031) and the obese without type 2 diabetes (T2D) group after LSG 
(27.3% vs 47.1%, P=0.031). A decrease in the ferritin levels and an increase in iron 
deficiency at 12 months post-surgery were found among all patients.
Conclusion: Based on 12 months of follow-up, LSG is effective in controlling metabolic 
syndrome and has a modest effect on nutritional deficiencies, which suggests that LSG is an 
effective and comparably safe procedure for Chinese patients considering nutritional defi-
ciencies at 12 months post-surgery.
Keywords: anaemia, laparoscopic sleeve gastrectomy, nutrition, obesity

Introduction
Obesity is highly prevalent worldwide and is a risk factor for type 2 diabetes (T2D), 
cardiovascular disease and even some cancers.1–4 Approximately 641 million peo-
ple are with obesity worldwide; notably, according to the current study, the obese 
population in China accounts for 14.0% of the total obese population in the world.2 

Metabolic surgery has become a major therapeutic option to treat obesity and its 
related diseases due to the long-term positive effect on sustained weight loss and 
overall improved metabolic outcomes.5–7

Four kinds of metabolic surgery including laparoscopic sleeve gastrectomy 
(LSG), laparoscopic Roux-en-Y gastric bypass (LRYGB), laparoscopic adjustable 
gastric banding and laparoscopic biliopancreatic diversion are well-used surgical 
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options. Although LSG and LRYGB are similarly effective 
in terms of weight loss and glycaemic control, LSG is much 
easier to perform than LRYGB.7 Laparoscopic adjustable 
gastric banding has gradually fallen out of favour due to 
a high rate of requiring a subsequent surgery.8 Laparoscopic 
biliopancreatic diversion engenders much higher rates of 
post-surgical, nutrition-related complications than other bar-
iatric surgeries.9,10 Thus, currently, the most common used 
procedure is LSG worldwide.

After years of practice and short-term to long-term 
follow-up, studies have shed light on the effect of bariatric 
surgery on the nutritional status of subjects with obesity. 
There was evidence demonstrating significantly lower 
rates of anaemia (16.7% vs 42.9%) preoperatively com-
pared to 12–20 months postoperatively in Israel after 
LRYGB.11 Decreased albumin and ferritin levels five 
years after LSG were found in a Canadian study.12 Iron 
deficiency and iron deficiency anaemia were extremely 
frequent in Chinese patients with obesity and T2D after 
LRYGB.13 To date, little is known about the nutritional 
status of Chinese patients after LSG. This study focused 
on the impact of LSG on the nutritional deficiencies of 
Chinese subjects.

Materials and Methods
Participants
In this observational cohort study, eighty-two patients with 
obesity (44 males and 38 females) were recruited from the 
Second Xiangya Hospital of Central South University 
(Changsha, Hunan, China). This study protocol was con-
ducted in accordance with the Declaration of Helsinki and 
was approved by the ethics committee of the Second 
Xiangya Hospital of CSU, and informed consent of the 
study protocol was provided by all participants. All sub-
jects accepting LSG met the criteria for metabolic 
surgery,14 including 52 subjects (63.4%) had T2D, 30 
subjects (36.5%) normal glucose tolerance, and 54 sub-
jects (65.8%) dyslipidemia. T2D was diagnosed according 
to World Health Organization criteria.15 The subjects with 
normal glucose tolerance underwent a standardized 75-g 
oral glucose tolerance test for normoglycemia (fasting 
plasma glucose [FPG] < 6.1 mmol/L, 2-h plasma glucose 
< 7.8 mmol/L). The exclusion criteria were the regular use 
of anti-inflammatory drugs or corticosteroid medications; 
type 1 diabetes; secondary diabetes; inflammation, infec-
tious diseases, or other autoimmune disorders; pregnancy; 
and malignant diseases.

All participants were instructed to take one multivita-
min complex tablet a day, containing vitamin B12 4 μg, 
folate 400 μg, iron 18 mg, vitamin B2 1.7 mg, vitamin B6 
2 mg, vitamin C 60 mg, vitamin E 30 mg and vitamin 
D 400 IU.

Study Design and Laboratory Analysis
Study physicians recorded anthropometric data including 
the body height and weight, waist circumference, hip 
circumference, and blood pressure before and 1 month, 
2 months, 6 months, and 12 months after the therapy. 
Fasting venous blood samples were tested for FPG, 
haemoglobin A1C (HbA1c), fasting C-peptide (FCP), 
total cholesterol (TC), low-density lipoprotein choles-
terol (LDL-C), high-density lipoprotein cholesterol 
(HDL-C), triglycerides (TGs), complete blood count, 
albumin, vitamin B12, folate, ferritin, and iron. Two- 
hour venous blood samples were tested for post-prandial 
plasma glucose (PPG) and post-prandial C-peptide 
(PCP). HbA1c was measured by automated liquid chro-
matography (VARIANT II Haemoglobin Testing 
System; Bio-Rad Laboratories, Hercules, CA). 
C-peptide (CP) was measured by a chemiluminescence 
method (ADVIA Centaur; Siemens, Munich, Germany). 
The percentage of excess body mass index (BMI) loss 
was defined as (100 × [baseline BMI − follow-up BMI]/ 
[baseline BMI − 25]).

Definitions of Anaemia and Nutrition 
Deficiencies
Hypoalbuminemia was defined by serum levels <35 g/L. 
Anaemia was defined as a haemoglobin (Hb) level 
<130 g/L in men and <120 g/L in women, and the anaemia 
severity was classified as mild (Hb > 110 g/L), moderate 
(Hb between 80 and 110 g/L), and severe (Hb < 80 g/L).16 

The vitamin B12 deficiency and folate deficiency were 
defined by serum levels <203 pg/mL and <4 ng/mL, 
respectively.17 The iron deficiency was defined as 
a ferritin level <30 ng/mL.18 Microcytic hypochromic 
anaemia was defined by a mean corpuscular volume 
(MCV) <80 fl, a mean corpuscular haemoglobin (MCH) 
<26 g/dL, and a mean corpuscular haemoglobin concen-
tration (MCHC) <32%. Normocytic anaemia was defined 
as 80 ≤ MCV ≤ 100 fl, 26 ≤ MCH ≤ 32 g/dL, and 32% 
≤ MCHC ≤ 35%. Macrocytic anaemia was defined as 
MCV >100 fl, MCH >32 g/dL, and MCHC >35%.
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Surgical Procedure
All LSG surgeries were performed at the Department of 
Metabolic Surgery in Xiangya Second Hospital of Central 
South University.

Statistical Analysis
The data are presented as the mean ± the standard deviation 
(SD) for normally distributed parameters or as the median 
(25th–75th percentile) for nonnormally distributed para-
meters. Logarithmic transformations were performed for 
nonnormally distributed parameters. To compare changes 
from the baseline to the post-treatment time points within 
groups, repeated measures of the analysis of variance 
(ANOVA) with Bonferroni post hoc testing was applied in 
patients with a complete data set. For binary variable-related 
samples, McNemar tests were used to analyse the differ-
ences among the coupled time points. Subgroup compari-
sons (between genders or T2D) in the prevalence of 

deficiencies were performed by Chi-square tests or the 
Fisher exact test. For the statistical analysis, we used SPSS 
version 23.0 (IBM Corporation, Chicago, IL) software. 
A two-tailed P <0.05 was considered statistically significant.

Results
LSG is Effective for Patients with Obesity 
in Weight Loss and Metabolic Control
The baseline and follow-up data of all participants after LSG 
are presented in Table 1. A total of 82 patients (mean age 
31.9±10.7 years and mean BMI 40.3±6.9 kg/m2) underwent 
LSG. Forty-four participants were men, and 38 were 
women. The mean BMI of all patients decreased signifi-
cantly from 40.3±6.9 kg/m2 at baseline to 27.1±3.4 kg/m2 at 
12 months postoperatively. The estimated mean percentage 
of excess BMI loss at 12 months was 90.2%. Overall, the 
FBG (6.8±3.0 mmol/L vs 4.7±0.9 mmol/L, P<0.001) and 
TG (2.4±1.4 mmol/L vs 1.2±1.0 mmol/L, P<0.001) levels 

Table 1 Anthropometric and Laboratory Data of All Subjects at Baseline and 1 Month, 2 Months, 6 Months and 12 Months After LSG

LSG (n=82)

Baseline 1 Month 2 Months 6 Months 12 Months

Age (years) 31.9±10.7 – – – –

Sex (female/male) (38/44) – – – –

BMI(Kg/m2) 40.3±6.9 35.1±7.0*** 33.2±4.9*** 29.3±3.9*** 27.1±3.4***
Excess BMI Loss (%) – 38.2±30.3 51.2±22.1 76.4±25.6 90.2±25.9

Waist Circumference (cm) 122.8±14.4 114.1±12.6*** 108.1±12.4*** 97.8±10.4*** 91.8±14.2***
Hip Circumference (cm) 122.6±13.7 116.2±11.7*** 112.7±11.4*** 105.2±8.8*** 101.0±7.2***

Waist to Hip Ratio 1.0±0.1 0.98±0.1 0.96±0.1*** 0.92±0.1*** 0.9±0.1***

SBP (mmHg) 137.2±22.5 122.7±16.7** 120.7±14.8** 121.3±18.1** 117.0±21.5**
DBP (mmHg) 84.7±15.6 82.4±10.8 82.5±10.3 78.4±13.1* 76.4±12.0*

TG (mmol/L) 2.4±1.4 1.6±0.5*** 1.6±0.7*** 1.2±0.6*** 1.2±1.0***

TC (mmol/L) 4.4±0.9 4.4±0.9 4.6±1.0 4.8±1.0* 4.7±1.0*
HDL (mmol/L) 1.0±0.2 1.2±0.7 1.1±04 1.2±0.2*** 1.4±0.3***

LDL (mmol/L) 2.8±0.8 2.6±1.0 3.1±0.8 3.1±0.9 3.0±1.0

FPG (mmol/L) 6.8±3.0 5.2±1.2*** 4.9±0.9*** 4.6±1.1*** 4.7±0.9***
PPG (mmol/L) 9.9±4.6 5.7±1.9*** 5.5±1.5*** 5.3±2.1*** 5.0±1.2***

HbA1c (%) 7.3±2.0 6.1±1.1*** 5.4±0.6*** 5.3±0.5*** 5.3±0.5***

FCP (pmol/l) 1129.4±581.9 913±480.0 789.3±330.9*** 622.9±266.9*** 518.1±207.4***
PCP (pmol/L) 2446.7±1067.5 1167.0±701.6 1113.7±656.7 1027.2±621.0 905.8±487.1

Albumin (g/L) 39.5±3.5 43.3±3.5*** 43.5±3.5*** 43.5±3.5*** 44.1±3.1***

Hb (g/L) 143.6±18.5 140.0±16.1 140.2±16.3 140.1±17.9 140.7±16.6
Vitamin B12 (pg/mL) 431.7±118.7 670.9±313.8*** 477.8±193.3### 374.7±217.8###$ 373.0±171.1###$

Folate (ng/mL) 6.0±3.1 6.5±3.0 5.7±2.6 6.7±3.9 7.1±4.6

Iron (umol/L) 19.5±8.0 16.3±6.3 19.0±9.8 20.3±7.1## 22.1±8.5###

Ferritin(ng/mL) 247.4±213.3 361.7±296.2* 261.7±215.5### 167.1±129.5**###$ 167.8±167.2***###$

Notes: Data are presented as the mean ± SD. *p<0.05, **p<0.01, ***p<0.001 compared with baseline; ##p<0.01, ###p<0.001 compared with 1 month; $p<0.05, $p<0.01, $ 

$p<0.001 compared with 2 months. 
Abbreviations: LSG, laparoscopic sleeve gastrectomy; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TGs, triglycerides; TC, total 
cholesterol; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; FPG, fasting plasma glucose; PPG, post-prandial plasma glucose; HbA1c, 
haemoglobin A1C; FCP, fasting C-peptide; PCP, post-prandial C-peptide; Hb, haemoglobin.
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decreased, and the HDL (1.0±0.2 mmol/L vs 1.4 
±0.3 mmol/L, P<0.001) levels increased substantially after 
surgery, while there was a slight increase in TC levels (4.4 
±0.9 mmol/L vs 4.7±1.0 mmol/L, P=0.013). Improvements 
were also observed in the blood pressure (137.2±22.5 
mmHg vs 117.0±21.5 mmHg, P=0.003; 84.7±15.6 mmHg 
vs 76.4±12.0 mmHg, P=0.024).

Serum Albumin Levels Increased 
Significantly After Surgery
As shown in Tables 1–3 and Figure 1A, C and E, the serum 
albumin levels increased significantly at 1 month (P<0.001), 2 

months (P<0.001), 6 months (P<0.001) and 12 months 
(P<0.001) after surgery. The prevalence of hypoalbuminemia 
decreased from 8.5% to 0% throughout the whole study, 
although the decrease was not statistically significant 
(P=0.063) (Figure 1B). No significant differences were 
found in the hypoalbuminemia rate of each subgroup at the 12- 
month follow-up (Figure 1D and F). The mean levels of 
albumin in the male group and the female group were similar 
at baseline (39.9±3.8 g/L vs 39.1±3.0 g/L, P>0.05), and both 
increased significantly at the 12-month visit (44.8±3.2 g/L, 
P<0.001; 43.1±2.7 g/L, P<0.001). However, the men had 
significantly higher albumin levels (44.8±3.2 g/L) than the 

Figure 1 Changes in serum albumin levels (A, C and E) and hypoalbuminemia prevalence (B, D and F) in patients after surgery. Data are presented as the mean ± SEM. 
**p<0.01, ***p<0.001 compared with baseline. ^p<0.05 compared with males at each time point. Hypoalbuminemia: albumin <35 g/L.
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women (43.2±2.8 g/L, P=0.023) at the 12-month follow-up 
(Figure 1C).

Anaemia
The Anaemia Rate Was Higher in the Female Group 
Than in the Male Group at 12 Months After LSG
No significant differences were found in the Hb levels at 
1–12-month post-surgery compared with the baseline 
levels in all groups (Tables 1–3, Figure 2A, C and E). 
For each time point, the Hb levels in the male group were 
significantly higher than those in the female group (Table 
2, Figure 2C). Anaemia was present in 7.3% of all patients 
before surgery, and its prevalence increased to 11.0% at 12 
months post-operation (P=0.109) (Figure 2B). The percen-
tage of anaemia in each subgroup showed no differences at 
the 12-month visit (Figure 2D and F). Interestingly, at the 
last follow-up visit, anaemia was present in 9 patients (5, 
mild; 4, moderate), 1 (2.3%) male patient and 8 (21.1%) 
female patients, which indicates that the anaemia rate in 
females is much higher than that in males (P=0.036). One 
male and 3 female patients had normocytic anaemia, while 
the other 5 female had microcytic hypochromic anaemia. 
Two patients without T2D and 2 with T2D were diagnosed 
with normocytic anaemia, and the other 5 with T2D 
patients had microcytic hypochromic anaemia.

No Significant Differences Were Found in the 
Vitamin B12 Deficiency Rate Throughout the Study, 
but the Patients in the Female Group and the 
Patients without T2D Had a Higher Prevalence of 
Folate Deficiency After the Surgery
We used each patient’s last follow-up visit to evaluate the 
use of multivitamin complex supplements. Forty-eight 
(58.5%) patients used a multivitamin complex at least 
occasionally for the prevention and treatment of nutritional 
deficiencies. Thirty-four (41.4%) patients were still using 
their multivitamin supplements at the last follow-up visit. 
Interestingly, vitamin B12 levels increased at 1 month 
(P<0.001) after surgery and then decreased to baseline 
levels at the following visits (Tables 1–3, Figure 3A, 
C and E). Nevertheless, there were no significant differ-
ences in the prevalence of vitamin B12 deficiency at 12 
months after surgery (0% vs 3.8%, P=1.0) (Figure 3B). In 
each subgroup, the percentage of the vitamin B12 defi-
ciency showed no differences at the 12-month visit (Figure 
3D and F). Furthermore, females had greater vitamin B12 
levels (524.7±310.8 pg/mL) at baseline than males (391.3 
±111.4 pg/mL, P=0.029) (Figure 3C).

No significant changes in folate levels were found post- 
operation (Tables 1–3, Figure 3G, I and K). Although no 
significant increase was observed in the folate deficiency 
rate in all patients (21.4% vs 28.9%, P>0.05) (Figure 3H), 
there were significant increases in folate deficiency in the 
patients of the female group and the obese without T2D 
group at 12 months following LSG (3.7% vs 20%, 
P=0.031; 27.3% vs 47.1%, P=0.031) (Figure 3J and L).

Ferritin Levels Decreased Significantly After Surgery, 
and Iron Deficiency at Post-Surgery Increased 
Among All Patients and in the Subgroup of Female 
and Obese Patients with T2D
Among all patients, the serum iron levels showed no 
significant difference at 12 months post-operation (Table 
1, Figure 4A). In contrast, the ferritin levels increased 
significantly at 1 month after surgery and then decreased 
at the following visits (Tables 1–3, Figure 4B). 
A significant increase was noted in iron deficiency 
(defined as ferritin levels <30 ng/mL) across our study 
(2.6% vs 17.9%, P=0.031) (Figure 4C). The serum iron 
and ferritin levels were significantly greater in the male 
group than in the female group at every visit (Table 2, 
Figure 4D and E), and the prevalence of iron deficiency 
was significantly higher in females than in males at 12 
months following surgery (43.8% vs 0%, P<0.001) (Figure 
4F). In patients with or without T2D, the serum iron and 
ferritin levels of the two groups were comparable at base-
line, but only in patients with T2D, we found a significant 
decrease in the ferritin level at 12 months post-surgery 
(Figure 4G and H). In addition, a higher rate of iron 
deficiency was also noted in only patients with obesity 
and T2D (27.3% vs 0%, P=0.031) (Figure 4I).

Discussion
After short-term to long-term follow-up studies confirmed 
the metabolic benefits of bariatric surgery, investigators 
have paid more attention to the nutritional status of 
patients with obesity following surgery. Patients who 
have undergone bariatric surgery are prone to develop 
nutritional deficiencies due to a restriction in caloric intake 
and alterations in the gastrointestinal tract.19 

Hypoalbuminemia, anaemia and related nutrient deficien-
cies may potentially occur after bariatric surgery.20 To our 
knowledge, this is the first study assessing nutritional 
status following LSG in Chinese patients.

In our study, during the 12-month visits, we found 
significant increases in the serum albumin levels and 
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a decrease in the prevalence of albumin deficiency after 
LSG (P=0.063) (Figure 1). Previously, studies showed an 
increase in the prevalence of hypoalbuminemia or signifi-
cantly decreased prealbumin concentration after LSG in 
Canada or in France.12,21 Additionally, in Kuwait and 
Turkey, no significant changes in the albumin level at 
1–5 years after LSG were found compared to the baseline 
values.22,23 The discrepancy may be due to the different 
protein supplements and the different patient populations 
studied. Adequate protein intake after bariatric surgery is 
important to enhance weight loss and improve body 
composition.24 Thus, the regular monitoring of serum 
albumin is strongly recommended to prevent the 

development of protein malnutrition. Although we found 
that albumin levels were increased in our patients, which 
guaranteed the safety of LSG in the Chinese population, 
long-term results still need to be investigated.

The incidence of anaemia following bariatric surgery 
has been reported to vary widely across studies because of 
the complexity of influencing factors, such as different 
populations, operation types, and supplement protocols. 
In the current study, no significant changes were noted in 
the incidence of anaemia following LSG (Figure 2). Two 
other studies also found that anaemia did not differ sig-
nificantly at 4 years in Israel25 and 1 year in the 
Netherlands26 after LSG. There was evidence 

Figure 2 Alterations in the levels of haemoglobin (A, C and E) and prevalence of anaemia (B, D and F) in patients after surgery. Data are presented as the mean ± SEM. 
^p<0.05 compared with males at each time point. ^^^p<0.001 compared with males at each time point. Anaemia: Hb <130 g/L in men or <120 g/L in women.
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demonstrating significantly higher rates of anaemia at 
12–20 months post-operation compared to pre-operation 
rates (42.9% vs 16.7%) in Israel after LRYGB.11 Actually, 
LSG surgery patients in Israel and Netherlands studies 

were instructed to resume vitamin and mineral supple-
ments in cases of nutritional deficiencies,25,26 as well as 
our study, except for the study of LRYGB surgery in 
Israel.11 Furthermore, compared with LSG, patients after 

Figure 3 Changes in serum vitamin B12 (A, C and E), folate (G, I and K) levels, and prevalence of vitamin B12 (B, D and F), folate (H, J and L) deficiency in patients after 
surgery. Data are presented as the mean ± SEM. *p<0.05, **p<0.01, ***p<0.001 compared with baseline. #p<0.05, ##p<0.01, ###p<0.001 compared with 1 month. $p<0.05, $ 

$p<0.01 compared with 2 months. ^p<0.05 compared with males at each time point.  ^^p<0.01 compared with males at each time point.  &p<0.05 compared with obese with 
T2D at each time point. Vitamin B12 deficiency: vitamin B12 <203 pg/mL; folate deficiency: folate <4 ng/mL.
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LRYGB had a higher prevalence of anaemia, even after 
adjusting for age and gender.27 We also noted that fertile 
female patients had a higher anaemia prevalence than male 
patients, and 62.5% had microcytic hypochromic anaemia, 
which is consistent with the results that females had lower 
ferritin and iron levels than males.

Vitamin B12 and folate are both required to sustain 
normal haematopoiesis. A deficiency of vitamin B12 and/ 
or folate will cause megaloblastic anaemia. The main 
reported reason for the vitamin B12 deficiency after bar-
iatric surgery is the reduction in intrinsic factors that are 
necessary for the absorption of vitamin B12.28 The resec-
tion of the gastric fundus during LSG leads to a decreased 
production of intrinsic factors and, as a result, impaired 
vitamin B12 absorption.29 Interestingly, we found that 
vitamin B12 levels increased at 1 month (p<0.001) after 
LSG and then returned to baseline levels at the following 
visits in the Chinese population (Figure 3). Additionally, 
a significant decrease in vitamin B12 deficiency at five 
years after LSG in Canada was demonstrated,12 in which 

the subjects were instructed to take 20–40 μg vitamin B12 
daily.12 Therefore, in our study, the improvement in vita-
min B12 levels in the first postoperative month might be 
the result of the patients’ high adherence to vitamin sup-
plements. Another study reported decreased vitamin B12 
levels at one year after LSG in Israel.30 This difference 
between our study and a previous study30 may be due to 
vitamin B12 deficiency being absent in our study at base-
line, compared to 13.0% patients in the study mentioned 
above,30 because the deficiencies of vitamin B12 before 
surgery were predictors for deficiencies after surgery.30 

The primary reason for folate deficiency is decreased diet-
ary intake, as folate absorption can occur along the entire 
part of the small intestine. A significant increase was 
found in the rate of folate deficiency in the patients 
among the female group and the obese without T2D 
group throughout our study (Figure 3), while others 
demonstrated an improvement in folate deficiencies after 
LRYGB in America or in Denmark.31,32 All patients in 
those studies31,32 were supplemented orally with 1 daily 

Figure 4 Alterations in the levels of serum iron (A, D and G), ferritin (B, E and H), and prevalence of iron deficiency (C, F and I) in patients after surgery. Data are 
presented as the mean ± SEM. *p<0.05, **p<0.01, ***p<0.001 compared with baseline. #p<0.05, ##p<0.01, ###p<0.001 compared with 1 month. $p<0.05, $$p<0.01, $$ 

$p<0.001 compared with 2 months. ^p<0.05, ^^p<0.01, ^^^p<0.001 compared with males at each time point. &p<0.05 compared with obese with T2D at each time point. Iron 
deficiency was defined as a ferritin level <30 ng/mL.
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multivitamin containing folate (400 μg), but only 58.5% 
patients in our study used a multivitamin complex (400 μg 
folate/day), which could be the reason for the different 
results between our study and the previous studies.31,32

The serum iron level is an indicator of the iron content, 
while the ferritin level is an indicator of iron reserves. The 
low levels of ferritin and iron indicate iron deficiency, 
which is another important reason for anaemia. Intake 
restriction and malabsorption might be the main reasons 
for iron deficiency after bariatric surgery. In addition to 
assessing the total body iron stores, ferritin is also an acute 
phase reactant that can be synthesized by the stimulation 
of multiple cytokines.18 Recently, obesity has been proven 
to be under a status of low-grade, chronic inflammation, 
which contributes to insulin resistance and T2D.33 

Bariatric surgery alleviates the inflammatory status in the 
circulation, adipose tissue, gut, and even the kidneys of 
subjects with obesity.34 Therefore, the decline in serum 
ferritin after LSG represents not only a reduction in body 
iron stores but also an improvement in inflammation. 
A significant decrease in inflammatory markers (such as 
interleukin-6 (IL-6) and C-reactive protein) after bariatric 
surgery was reported,34 along with decreased serum trans-
ferrin receptor levels.35 Furthermore, IL-6 upregulates 
hepcidin, a peptide that decreases the iron absorption and 
releases iron from stores.36 Thus, the improvement in 
serum iron found in our study might imply an improve-
ment in iron bioavailability through decreased inflamma-
tion. The significant decrease in the serum iron level at 1 
month after surgery could be ascribed to the increased 
inflammation relatively soon after surgery (Figure 4). 
Furthermore, the serum iron and ferritin levels were sig-
nificantly greater in the male group than in the fertile 
female group at every visit (Figure 4). This difference 
can be attributed to the ongoing menstrual blood loss 
that only occurs in females.37 We also found a decrease 
in the ferritin levels and a significant increase in iron 
deficiency at 6–12 months post-surgery in patients with 
T2D but not in patients without T2D (Figure 4). A recent 
study indicated that chronic hyperglycaemia in rats was 
associated with increased inflammatory responses and 
oxygen-free radicals;38 thus, the improvement in glucose 
metabolism may contribute to decreased inflammation 
after bariatric surgery, which may explain the difference 
in the ferritin levels between the T2D group and the non- 
T2D group after surgery.

In conclusion, our study evaluates the nutritional status 
following LSG in Chinese patients for the first time. During 

the 12-month follow-up, our study suggests that LSG is an 
effective and comparably safe procedure for Chinese 
patients considering nutritional deficiencies post-surgery.

Conclusions
In summary, the current data demonstrate that LSG is 
effective in treating obesity and obesity-associated dis-
eases. Furthermore, based on 12-month visits, we found 
that the serum albumin levels increased and the ferritin 
levels decreased significantly after surgery. Although no 
difference was found in the anaemia rate among all 
patients, the anaemia rate was higher in the female group 
than in the male group 12 months after surgery. No differ-
ence was noted in the vitamin B12 deficiency. Even 
though no significant changes were found in the folate 
and iron levels throughout the study, the deficiency rates 
were increased in patients of different subgroups: 1) the 
folate deficiency was increased in the female group and 
the obese without T2D group, and 2) the iron deficiency 
was increased in the female group and the obese with T2D 
group. Thus, these findings reveal that LSG is an effective 
and comparable safe procedure for Chinese patients, but 
long-term follow-up and nutritional supplements are also 
important.
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